Background: Increasingly, medications are consumed outside of clinical settings, with relatively little professional oversight. Despite this trend, previous studies of medication errors have focused on clinical settings.
shows the largest increase (3196%). In contrast, type 4 (nondomestic FMEs not involving alcohol and/or street drugs) shows the smallest increase (5%). Types 2 and 3 show intermediate increases. Type 2 (domestic FMEs not involving alcohol and/or street drugs) increased by 564%. Type 3 (nondomestic FMEs combined with alcohol and/or street drugs) increased by 555%. Thus, domestic FMEs combined with alcohol and/or street drugs have become an increasingly important health problem compared with other FMEs.
Conclusions:
These findings suggest that a shift in the location of medication consumption from clinical to domestic settings is linked to a steep increase in FMEs. It may now be possible to reduce FMEs by focusing not only on clinical settings but also on domestic settings. Med. 2008; 168(14) : [1561] [1562] [1563] [1564] [1565] [1566] I N THE PAST 2 DECADES, THERE HAVE beenmajorchangesintheprovision of medications. [1] [2] [3] [4] Medical care has increasingly shifted from inpatient tooutpatientsettings 1, 2 ;thus,medications that once were consumed and monitoredinclinicalsettingsareincreasinglytaken outside the hospital, with reduced professionaloversight. 2 Moremedicationsthatonce requiredprescriptionshavebecomeavailable overthecounter. 3 Inaddition,polypharmacy has increased significantly. 2, 4 These trends have had 2 consequences that affect the safe consumption of medications. The reduction in professional oversight has made it easier to consume medications and alcohol and/or street drugs concurrently, a combination that increases the risk of adverse effects. 5, 6 In addition, the patient has been required to play a larger role in monitoring the consumption of medications. Studies of health literacy, 7, 8 patient adherence, 9, 10 and medication management capacity 11 all suggest that some patients have difficulty in sharing the burden of quality control in health care.
Arch Intern
Despite these considerations, efforts to study and reduce medication errors have focused almost entirely on the role of clinical staff in clinical settings. [12] [13] [14] [15] [16] [17] [18] [19] Because of this focus, several important questions remain unanswered: (1) What fraction of fatal medication errors (FMEs) occur at home? (2) What fraction of FMEs involve alcohol/street drugs? (3) Are these fractions increasing with time? These questions are addressed in the remainder of this article.
METHODS

DATA SOURCE
We examined officially generated electronic copies of all US death certificates (N=49 586 156). The data set begins with January 1, 1983 (when computerized death certificates first listed primary and secondary causes of death), and ends with December 31, 2004 (the latest data year available).
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STUDY DESIGN
On the computerized death certificate, accident location is assigned 1 of several codes, including home, school, street, farm, quarry, industrial place, and public building. When analyzing location of accident, we omitted cases in which location was unspecified. No specific codes for health care institutions exist, but a specific code for "home," signifying the home of the decedent, exists.
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We analyzed deaths from all causes but focused on officially acknowledged FMEs, classified as codes E850 to E858 in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 21 and as codes X40 to X44 in the International Statistical Classification of Disease-Related Health Problems, 10th Revision (ICD-10). 22 Deaths recorded as FMEs involve "accidental overdose of drug, wrong drug given or taken in error, and drug taken inadvertently [and] accidents in the use of drugs and biologicals in medical and surgical procedures." 21, 22 Thus, FMEs can result from prescription or overthe-counter medications. Although FMEs are sometimes unrecorded, we assume that persons whose death certificates mention FME are more likely to have been subject to medication error than were those whose certificates do not mention FME. The category "FME" is equivalent to the term fatal preventable adverse drug events, used elsewhere. 15 The ICD-9-CM/ICD-10 category "FME" excludes accidental deaths from "street drugs" or alcohol (these are assigned a different set of ICD-9-CM/ICD-10 codes, identified in the table legends). The FME category also excludes suicides and homicides by poisoning. Finally, the FME category excludes adverse effects, where the "correct drug [was] properly administered in therapeutic or prophylactic dosage, as the cause of adverse effect." 21, 22 For example, adverse effects comprise cases such as the administration of the correct medicine in the correct dosage to the correct patient but with an unexpected allergic reaction. The ICD-9-CM/ICD-10 category of adverse effects is equivalent to the term fatal nonpreventable adverse drug events, used elsewhere. 15 To answer the 3 questions posed in the "Introduction," we classified FMEs into 4 exhaustive, mutually exclusive categories, which were established before we examined the data. These 4 categories vary according to the relative importance of alcohol and/or street drugs and according to the relative likelihood of professional oversight in the consumption of medications. We assumed that professional oversight was relatively unlikely for medications consumed at home.
Type 1 FMEs occur in the patient's home, and the death certificate colists alcohol and/or street drugs as contributory causes of death. Type 2 FMEs occur in the patient's home, and the death certificate does not colist alcohol and/or street drugs as contributory causes of death. Type 3 FMEs do not occur in the patient's home, and the death certificate colists alcohol and/or street drugs as contributory causes of death. Type 4 FMEs do not occur in the patient's home, and the death certificate does not colist alcohol and/or street drugs as contributory causes of death.
It is conceivable that death registrars have become increasingly willing to shift FMEs from secondary to primary cause of death (ie, from contributory to underlying cause). Any tendency of this sort would produce a spurious uptrend in FMEs when they are considered as the primary cause of death. To avoid this bias, we defined an FME death certificate as one that listed an FME anywhere on the death certificate (ie, as the primary or secondary cause of death). This type of definition was followed throughout this study not only for FMEs but also for each cause of death examined.
STATISTICAL ANALYSIS
Using the computerized death certificates, we examined sex, race (black vs white), age, marital status, geographic region, cause of death, and location of accident (including FME). Following official recommendations 23 and earlier practice, 12,13,16,24-29 we calculate standard errors 30, 31 and significance levels, although we examined complete counts, not samples.
RESULTS
One way to measure the health significance of FMEs is to calculate the number of years of potential life lost (YPLL) 32 from this cause of death. Between 1983 and 2004, the YPLL from FMEs increased by 497% ( Table 1) . The YPLL from FMEs is not only increasing but is doing so at an accelerating pace (the quadratic, best-fit regression line curves upward significantly [b 2 = 1468.63, t 19 =9.77, P Ͻ.001]). 33 (Henceforth, for brevity, we generally provide the raw data and 95% confidence intervals in table and figure legends.)
In 1983, the YPLL from FMEs was approximately the same as from most other major types of accident. By 2004, however, there were more YPLL from FMEs than from every other major type of accident, except for motor vehicle traffic accidents (Table 1) . Indeed, by 2004, FMEs were responsible for far more YPLL than were all accidents from falls, firearms, drowning, fire and flames, and nonmedication poisonings combined.
For any cause of death, yearly increases in YPLL could be driven by 2 factors: (1) the average age at death could be decreasing yearly and (2) the number of deaths 32 we used 75 years as the life expectancy; YPLL was calculated by summing years of life lost before the age of 75 years for each death. As noted in the "Study Design" subsection of the "Methods" section, an FME death certificate is one with FME recorded either as the underlying cause of death or as one of the contributory causes of death. This type of definition was used not only for FMEs but for each cause of death examined. Most FMEs (82.4%) are recorded as the underlying cause of death rather than as a contributory cause. A death recorded as an FME is elsewhere known as a fatal preventable adverse drug event. 15 For brevity, we prefer the former term. b The codes for motor vehicle traffic accidents are too numerous to be listed here; the ICD-9-CM 21 and the ICD-10 22 provide detailed codes.
could be increasing yearly. The FME death rate increased steeply, by 360.5% (Figure 1 and Table 2 ), whereas the average age at death for FMEs decreased only slightly, by 4.8%. Thus, YPLL for FMEs increased mainly because of the 360.5% increase in the FME death rate. The increase in the FME death rate is much greater than the increase in any comparison category in Figure 1 and Table 2 . For example, the death rate from all accidents combined decreased slightly, as did the death rate from all causes combined. Except for FMEs, the death rates for the 5 major types of accidents listed in Table 1 all decreased in the study period. 23 There were relatively moderate increases in other categories: surgical errors (42.9%), adverse effects of medications (33.2%), and deaths from alcohol and/or street drugs (40.9%). The FME death rate is not only increasing steeply but at an accelerating rate (b 2 = 0.8, t 19 = 7.19, P Ͻ.001).
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The increase in FMEs varies markedly by type (Figure 2A and Table 3 ). Type 1 (domestic FMEs combined with alcohol and/or street drugs) shows the largest increase, 3196%. In contrast, type 4 (nondomestic FMEs not involving alcohol and/or street drugs) shows the smallest increase, 5% Figure 2B and Table 3 display the separate trends for each component. All FMEs increased by 360%, all fatal accidents at home increased by 69%, and deaths from alcohol and/or street drugs increased by 41%. Thus, each component separately increased by relatively moderate amounts; in contrast, the combination of the 3 components increased steeply, by 3196%.
The increase in FMEs pervades nearly all major demographic groups (Figure 3) . Only children from birth to the age of 9 years display no increase in FMEs. Although the FME increase is pervasive, it is particularly strong for persons aged 40 to 59 years and particularly weak for those 60 years and older ( Figure 3A) . The rise in FMEs is significantly larger for males and white individuals ( Figure 3B ) and pervades all 9 officially designated geographic regions (geographic data available on request). 23 These trends helped change the age distribution of persons dying of FMEs (Figure 3) . In 1983, middle-aged decedents, aged 40 to 59 years, constituted only 17.9% of all FMEs; by 2004, this percentage had increased to more than half of all FMEs (53.2%). In contrast to FMEs, the age distribution for all deaths combined barely changed between 1983 and 2004. 23 
COMMENT
Unlike almost all other causes of death, the FME death rate has increased steeply in recent years (by 360.5%). In addition, we considered several alternative explanations for the 3196% increase in type 1 FMEs. These FMEs comprise 3 components: (1) medication errors (2) occurring at home (3) in combination with alcohol and/or street drugs. It seems implausible that the increase in type 1 FMEs could have been generated by equally steep increases in any of these components. The increase for the combination of the 3 components in type 1 FMEs far exceeds the increase for any single component: all FMEs, 360%; all fatal accidents at home, 69%; and deaths from alcohol and/or street drugs, 41%. Various indicators of substance use or abuse show little or no evidence of increase during the study period. Alcohol consumption per capita decreased (by 17.1%) between 1983 and 2004. 39 The number of illicit drug users declined from 14.1% of the population in 1979 to 6.2% in 1998 and increased only slightly between 1999 and 2004 (from 6.3% to 7.9%). 40, 41 Although changes in the use of alcohol/street drugs might have contributed to the increase in FMEs, it is difficult to understand how these changes could be the primary reason for the dramatic increase in FMEs. In sum, the steep increase in type 1 FMEs seems unlikely to have been driven by any single component.
We also considered whether the steep increase in type 1 FMEs could result from changes in classification practices. It is difficult to understand how these putative changes could account for much of the increase in type 1 FMEs for several reasons. The increase in type 1 FMEs is unlikely to result from increased misclassification of "accident at home" because 2 different methods of coding home yield similar findings. Accidents at home were coded since 1979, whereas deaths at home were coded since 1989. The 2 different coding procedures reveal similarly steep increases in FMEs at home. For 1989 to 2004, accidents at home involving FMEs and alcohol and/or street drugs (type 1) increased by 1342% (222 cases in 1989), whereas deaths at home involving FMEs and alcohol and/or street drugs increased by 1831% (167 cases in 1989) . None of the increases in Figure 1 and Figure 2 seem to be generated by the change from ICD-9-CM to ICD-10 on January 1, 1999. The lines in these figures display no "break" at the ICD-9-CM/ICD-10 juncture, and all increases are evident in each ICD-9-CM/ICD-10 period.
The observed 22-year increase in FMEs is unlikely to have been generated by an increased willingness to code deaths as medication errors for 2 reasons. (1) Attention to medication errors surged with publication of the Institute of Medicine report To Err Is Human. This study received "tremendous attention from both the public and the healthcare industry," 42(p174) and a survey showed that the report was "the most closely followed health policy story of the year." 43(p2041) Given the "increased-willingness-to-code hypothesis," FMEs should increase relatively little in the year before To Err Is Human appeared and by much more in the year after this report appeared. However, the opposite is true: we found that FMEs increased by only 5.8% in the year after the report and by much more (13.1%) in the year before the report. In addition, in the 15 years before this report appeared (in late 1999), FMEs increased substantially ( Figure 1) . (2) The FME increase varies markedly by demographic group. To explain these findings, the increased-willingness-to-code hypothesis would require complex, large, yearly, accelerating changes in reporting practices in a 22-year period. Each year, death registrars would need to be increasingly willing to classify deaths as FMEs, particularly for white individuals, males, and the middle aged. We found no studies documenting yearly changes in classification practices for some groups rather than others. In sum, the evidence suggests that the 3196% increase in type 1 FMEs is unlikely to be generated primarily by reporting artifacts.
We found that FMEs increase most steeply in domestic settings, where professional oversight is least likely. This provides fresh evidence for (1) evaluating patients' capacity to manage their own medicines, (2) educating patients about the risks associated with their prescriptions, and (3) monitoring patient performance. It may be appropriate to include not only physicians and nurses but also pharmacists in these efforts.
We found a steep increase in deaths from a combination of medications and alcohol and/or street drugs. This provides fresh evidence for (1) screening patients for use, misuse, or abuse of alcohol and/or street drugs; (2) taking extra precautions when prescribing medicines with known dangerous interactions with alcohol and/or street drugs; and (3) emphasizing to the patient the risks of mixing medicines with alcohol and/or street drugs.
In addition to possible changes in policy and clinical practice, it also seems advisable to expand research on medication errors. Much of this research has focused on elderly patients and clinical settings. [12] [13] [14] [15] [16] [17] The present findings suggest that more research should be devoted to middle-aged patients and domestic settings.
The use of official computerized death certificates provides significant advantages. These data enable us to examine many FME cases for the entire United States for several decades. Using these data, we can study FMEs in various settings (including the home) and under various circumstances (including the involvement of alcohol and/or street drugs).
On the other hand, this data set has significant limitations. First, it does not provide much detail per FME (eg, dosage or detailed drug), and it allows us to examine only the most severe medication errors (those that are fatal). In addition, although we can study FMEs arising at home, we cannot perform the parallel analysis of FMEs arising in medical settings. Abbreviation: See Table 1 . a We classified FMEs into 4 exhaustive, mutually exclusive categories, which were established before we examined the data. These 4 categories vary according to the relative importance of alcohol/street drugs and according to the relative likelihood of professional oversight in the consumption of medications. Type 1 FMEs occur at home, when the death results from a combination of medication error and alcohol/street drugs. Type 2 FMEs occur at home, when the death results from medication error with no involvement of alcohol and/or street drugs. Type 3 FMEs occur outside the home, when the death results from a combination of medication error and alcohol and/or street drugs. Type 4 FMEs occur outside the home, when the death results from medication error with no involvement of alcohol and/or street drugs. In 10.9% of FMEs, the FME accident occurs in conjunction with other types of accidents. In these cases, one cannot determine from the death certificate whether the code "accident at home" refers to the FME, to some other accident, or to both. Consequently, this 10.9% of FME cases was omitted in all analyses that examined location of accident. In the remaining, single-accident FME cases, 31.2% did not specify the location of the accident. These cases were excluded from all analyses that examined location of accident. The proportion of FMEs excluded in these analyses does not vary significantly by year (b = .001, t 20 = 1.28, P =.11). Table 1 and Table 2 provide the International Classification of Diseases codes for causes of death analyzed.
b Rates were calculated using population data from the 2007 statistical abstract of the United States. 30 Information on population is taken from the statistical abstracts of the United States. [34] [35] [36] The age groups examined are as defined in the statistical abstracts of the United States. The analysis of marital status is restricted to persons 18 years and older.
